ABSTRACT. The objective of the present study was to evaluate single nucleotide polymorphisms (SNPs) located in two quantitative trait locus (QTL) regions (BTA 6 and BTA 20) that are associated with bovine respiratory disease (BRD). A population of 323 crossbred steers sired by five purebred sire breeds during 2010-2013 (Angus, Braford, Braunvieh, Charolais, and Simmental) were evaluated for BRD susceptibility during the finishing process at a commercial feedlot. A total of 21 animals representing all sire breeds were affected with BRD at some time during the finishing process over the 4-year period. Although multiple sire breeds were evaluated in the present study, no sire breed effects were detected. A total of 82 SNPs were evaluated (58 on BTA 6 and 24 on BTA 20) in the present study for potential associations with BRD incidence. When evaluating the previously described QTL regions on BTA 6, three SNPs (rs42968895, rs42823614, and rs43448463) were significantly (P < 0.05) associated with BRD incidence. Another three SNPs (rs42477340, rs42512588, and rs42524468) were identified as significantly associated with BRD on the previously described BTA 6 QTL region. For both of these regions, animals inheriting different genotypes differed in BRD incidence during the finishing period. Although multiple SNPs were identified as being significantly associated with BRD incidence in the present study, these SNP associations should be validated in larger and more diverse populations.
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INTRODUCTION
Bovine respiratory disease (BRD) is the most common disease affecting feedlot cattle. It contributes to approximately 75% of morbidity and 50-75% of mortality in feedlots annually (Brooks et al., 2011) . Economic losses incurred by animals contracting BRD, due to reduced feed efficiency, veterinary treatment, and death, are estimated to cost the U.S. beef industry 640 million dollars annually (Bowland and Shewen, 2000) . Although cattle of all ages can be affected by BRD, most are susceptible during times of high stress as young calves (Schneider et al., 2010) . Commonly referred to as shipping fever, BRD is most prevalent in calves being transported to feedlots after being weaned (Bowland and Shewen, 2000) . The severity of bovine respiratory infection has been linked to a variety of factors, including environmental and nutritional changes, transportation, and weaning factors. Of these factors, transportation is the most accepted non-infectious risk factor for BRD (Bowland and Shewen, 2000) . Fatal respiratory infections occur when a primary viral infection compromises host defenses and enhances the severity of a secondary bacterial infection (Hodgson et al., 2005) .
Identifying animals with genetic predisposition to BRD susceptibility/resistance is vitally important, as BRD is a lowly heritable trait (Snowder et al., 2005) . As such, identification of single nucleotide polymorphisms (SNPs) significantly associated with BRD resistance has become of great importance to the beef industry (Dekkers, 2004) . Previous studies have reported quantitative trait locus (QTL) regions associated with BRD susceptibility located on BTA 6 and BTA 20 (Li et al., 2004; Casas et al., 2010) . Moreover, the U.S. meat and animal research center reported 30 SNPs on 15 chromosomes that were associated with BRD, including the previously described regions located on BTA 6 and BTA 20 (Casas et al., 2010) . Thus, the objective of the present study was to evaluate SNPs located in the previously described QTL regions BTA 6 and BTA 20 for potential associations with BRD incidence in a population of crossbred steers finished in a commercial feedlot.
MATERIAL AND METHODS
All animals were treated and maintained in accordance with the principles and guidelines outlined in the Guide for the Care and Ethical Use of Agricultural Animals in Research and Teaching (Protocol #AE2009-21) . The animals utilized in the present study were comprised of 323 crossbred steers born at the Louisiana State University Agricultural Center Central Research Station in Baton Rouge, LA and the Agricultural Center Hill Farm Research Station in Homer, LA from 2010 to 2013. Calves were born during the spring calving season and were managed at these facilities until weaning, or until approximately six to seven months of age. Calves were sired by Charolais, Braunvieh, Simmental, Angus, or Braford bulls. The dam breeds at the Central Research Station utilized for this study have been previously described during the characterization of the Germplasm Evaluation VIII studies . The dams utilized by the Hill Farm Research Station in Homer, LA comprised various breed backgrounds. Steers were given a preconditioning ration at weaning and were fed 2.24 kg per head or 1.5% of the calves' body weight each morning for 45 days. Along with feed, calves had access to pasture grazing and bales of hay. At weaning, the calves were vaccinated with Bova Shield Gold FP5 and Clostra Shield 7. Calves were then boostered with Bova Shield Gold FP5 and Clostra Shield 7 approximately 30 days later. Steers that were deemed healthy enough for shipping were vaccinated and shipped to commercial feedlots in Texas and Oklahoma for the finishing process. During the finishing process, animals were recorded as 0 if it was never affected with BRD and 1 if it was affected by BRD at some point during the finishing process. In this study, a total of 302 animals over the four-year period were recorded as unaffected by BRD, whereas 21 animals were affected with BRD (Table 1) . Ear notches were collected from all calves at birth for future DNA extraction. Extraction of DNA was conducted using a saturated salt procedure previously described by Miller et al. (1988) . DNA stock solutions were diluted to 25 ng/µL concentrations for future genotyping reactions. Fifty-eight SNPs were selected from a previously described QTL region associated with incidence of BRD, spanning between 40-80 Mbp on BTA 6 (Li et al., 2004) . Another 24 SNPs were selected from a QTL region located on BTA 20 (0-30 Mbp) that has also been associated with BRD incidence (Casas et al., 2011) . SNPs were selected using the QTL database (http://www.animalgenome.org/cgi-bin/QTLdb/ index). SNPs, allele substitutions, and upstream and downstream genomic sequences are presented in Tables 2 and 3 . SNP genotyping was performed by Neogen, Inc. (Lincoln, NE, USA) using the Sequenom platform.
The mixed model procedure of SAS (v. 9.4, SAS Institute, Cary, NC, USA) was utilized to evaluate potential associations of SNPs located on BTA 6 and BTA 20 with BRD incidence. Only SNPs with more than one genotype were included in the analysis. The LSMEANS function, along with a pre-planned pairwise comparisons procedure, was utilized to evaluate if significant differences existed between individuals inheriting different SNP genotypes identified as significant for BRD incidence. The dependent variable in the model was incidence of BRD. The independent variables included sire breed, SNP genotype, and birth year. Sire breed (year) was fit into the model as a random nested variable to account for confounding effects of sire breeds among the four years. Significance in the model was set at P ≤ 0.05. 
RESULTS
The analyses of BRD incidence revealed six significant individual SNPs. Three of the SNPs that were significant for BRD incidence were located on each of BTA 6 (rs42823614, rs42968895, and rs43448463) and BTA 20 (rs42477340, rs42512588, and rs42524468) (Table 4) . Animals inheriting differing genotypes for each of the significantly identified SNP's had differing levels of BRD susceptibility or resistance (Table 5) . Although multiple SNPs were described as significant sire breed was not identified as a significant source of variation, thus significance associations can be attributed to individual SNP and not sire breed. 
DISCUSSION
Three of the SNPs identified in the present study that were located on BTA 6 were significantly associated with BRD incidence. These results are in agreement with previous research that identified a significant QTL region along with significant SNPs associated with BRD incidence located on BTA 6 (Li et al., 2004) . However, BRD was not the only economically important trait to be significantly associated with this region on BTA 6. Growth traits such as birth weight, weaning weight (Lu et al., 2013a) , hip height (Bolormaa et al., 2014) , and carcass traits, such as carcass weight (Lu et al., 2013b) , rib eye area (Casas et al., 2000) , marbling (Lee et al., 2012) , and back fat thickness (Li et al., 2004) , have also been found to be significantly associated with this region.
Furthermore, three identified SNPs located on BTA 20 were also associated with BRD incidence. These results are in agreement with a previous study that identified SNPs significantly associated with incidence of BRD on BTA 20 (Casas et al., 2010) . Like the BTA 6 region, BTA 20 has also been associated with other economically important traits such as the growth traits birth weight, weaning weight (Saatchi et al., 2014) , and hip height (Bolormaa et al., 2014) , and carcass traits such as carcass weight (McClure et al., 2010) , yield grade, marbling (Saatchi et al., 2014) , rib eye area (Garcia et al., 2010) , and back fat thickness (Garrett et al., 2008) .
These results indicate that BRD susceptibility may have a strong genetic component in conjunction with an environmental influence. To validate the results of the present study, a larger, more diverse population of animals should be utilized. Additional SNPs located on BTA 6 and BTA 20, as well as evaluation of SNPs in other regions of the bovine genome, should be evaluated. This will ensure that SNPs accounting for the most variation in BRD susceptibility are identified, which will lead to improved accuracy for identifying genetic predisposition to BRD. Furthermore, the identified SNPs in these regions should be evaluated for multiple traits so that selection for specific SNPs associated with BRD does not result in detrimental selection of other economically important traits.
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